A new species of the genus Monodelphis (M. reigi) has recently been described on the basis of a single specimen from the Sierra de Lema in eastern Venezuela. Diagnostic traits with respect to other Monodelphis species are associated mainly with fur colour and skull morphology. In the description of this new taxon, interspecific morphometric comparisons were performed, but not statistically supported. Here we used multivariate analyses to study the relationship between skull size and shape in Venezuelan Monodelphis species, including M. reigi. Our results revealed that M. reigi and M. adusta have similar skull size and are significantly smaller than the other Monodelphis considered. Sizeindependent analyses showed that the skull shape of M. reigi differs from those of the remaining taxa. Likewise, M. orinoci diverges with respect to brevicaudata and palliolata, whereas brevicaudata is more similar to adusta than to palliolata. Our results support the recognition of reigi and orinoci as full species and the proposal to raise palliolata to the species level.
INTRODUCTION
In the taxonomic review of the genus Monodelphis Burnett 1830 in Venezuela by ventura et al. (1998) , three species were recognised on the basis of morphometric and morphological criteria: M. brevicaudata (Erxleben 1777), with the subspecies brevicaudata and palliolata, M. orinoci (Thomas 1899), and M. adusta (Thomas 1897) . Based on fur colour and distribution of pelage on the tail, voss et al. (2001) considered palliolata as a full species of Monodelphis, and included orinoci, together with other nominal taxa, as a subspecies of M. brevicaudata. Nevertheless, these authors remarked that it was difficult to evaluate the taxonomic significance of variation in fur colour within the brevicaudata complex. Although lInares (1998) reported M. touan in Venezuela (Cuyuní river basin, eastern state of Bolívar), neither voss et al. (2001) nor lew & pérez-hernández (2004) found evidence to support this assertion.
Recently, lew & pérez-hernández (2004) described a new species of opossum (Monodelphis reigi) on the basis of a single specimen collected in 1971 in the Sierra de Lema (State of Bolívar, Venezuela). This species differs from the remaining Venezuelan representatives of the genus Monodelphis in several body and skull characters. Specifically, M. reigi clearly differs from M. orinoci and M. brevicaudata in fur colour, the general shape of the skull, especially in the zygomatic and nasal regions, and the presence of a diastema between PM1 and PM2. Differences between M. adusta and M. reigi are observed in fur colour, hair length, and several skull and mandible traits. Moreover, M. adusta lacks the diastemas between PM1-PM2, c-pm1, and pm1-pm2 (for details see lew & pérez-hernández 2004) . Regarding interspecific morphometric comparisons, lew & pérez-hernández (2004) indicated, but without statistical support, that M. orinoci and especially M. brevicaudata (pooling specimens of palliolata and brevicaudata) are larger than M. reigi. In comparison with M. adusta, M. reigi has a slightly larger body, a relatively longer tail, and longer and narrower skull. Because of the lack of objective (i.e. statistical) analyses, the extent of these morphometric differences remains imprecise. With this in mind we used multivariate analyses to examine the degree of craniometric differentiation (size and shape) between M. reigi and the other Venezuelan species of Monodelphis (i.e. brevicaudata, palliolata, orinoci, and adusta). These results were used to assess the validity of this new marsupial taxon from a biometric viewpoint. In the light of the controversial taxonomy of brevicaudata, palliolata, and orinoci, a further aim of this study was to obtain new data on the morphometric relationships between these taxa by means of size-independent analyses.
MATERIAL AND METHODS
Because the specimen described as M. reigi was a male and because brevicaudata and palliolata are sexually dimorphic in size (ventura et al. 1998) , we used only male skulls to represent the latter two taxa. Since orinoci is craniometrically monomorphic (ventura et al. 1998) , we pooled data from both sexes to increase sample size for that species. Intersexual comparisons (based on Student's t-test) in our sample of M. adusta revealed no significant differences in the skull variables considered; therefore we also pooled male and female values for M. adusta in subsequent analyses. In total, we examined 70 skulls from the following taxa: brevicaudata (15 males), palliolata (32 males), orinoci (7 males, 3 females), adusta (8 males, 4 females), and reigi (1 male). All specimens corresponded to age classes IV-VI (for aging criteria see ventura et al. 1998).
The following 14 skull or dental measurements were taken (in mm) using digital callipers with a resolution of 0.01 mm (measurement points described in ventura et al. 1998): CBL, condylobasal length; BL, basal length; PL, length of palate; I1-I5, length of I1-I5; C-PM3, length of C-PM3; M1-M4, length of M1-M4; RW, width of rostrum; ZW, width of zygoma; OW, occipital width; IFH, interparietal-foramen magnum height; ML, length of mandible; c-pm3, length of c-pm3; m1-m4, length of m1-m4; HC, height of coronoid process.
Overall craniometric differences between samples were assessed by multivariate analysis of variance. To evaluate size and shape relationship between taxa, a multiple-group principalcomponent analysis was performed on the morphometric variables. The factor scores obtained were then used to compute canonical analyses for size (all factors) and shape (excluding the first factor; thorpe 1988). For each analysis, individual canonical values were projected onto the first two (for size) or three (for shape) canonical axes. All analyses were performed using SPSS 11.0. Phenetic relationships between taxa were determined by cluster analyses (NTSYSpc, version 2.01d). For size, data were standardised to calculate Euclidean distances and to construct a phenogram by the unweighted pair-group method (UPGMA; sneath & sokal 1973). For shape, BurnaBy's (1966) method for size adjustment was used by projecting the data into a space orthogonal to PC1. The resulting adjusted data matrix was then used for the subsequent cluster analysis.
RESULTS
Descriptive statistics of the variables obtained for each taxon are shown in Table 1 . Multivariate analysis of variance revealed an overall difference in skull size between taxa (Wilk's lambda = 6.393, P < 0.001, df = 4, 45). For all variables, the level of statistical significance was P < 0.001. Multiple-group principal-component analysis performed on 50 specimens (excluding those with missing data) revealed that 97.82% of the total variation was explained by the first eigenvector. The homogeneity in sign and magnitude of its coefficients supported this component as a multivariate expression of size, which is a common pattern in mammalian morphometrics (leMen 1983) .
Canonical analysis of the 14 principal components revealed that the first two canonical factors accounted for, respectively, 84.5 and 9.7% of the total variation between samples (Wilk's lambda = 0.005; χ 2 = 206.2, df = 56, P < 0.001). Discriminant functions correctly classified 94.0% of the analysed specimens; specifically, out of 11 brevicaudata, 2 were misclassified as palliolata, and out of 22 palliolata, 1 was misclassified as brevicaudata. Projection of the individual scores onto the first two canonical axes is shown in Fig. 1 . Along the first axis, which constitutes an expression of size, both adusta and reigi were well separated from the remaining samples while orinoci scarcely overlapped with the palliolata-brevicaudata group. In the 2nd function, interparietal-foramen magnum height, and lengths of c-pm3, M1-M4, m1-m4, and I1-I5 provided the highest discrimination; on this axis, orinoci was noticeably separated from the other taxa, which overlapped substantially. The canonical analysis adjusted for size (first principal component vector excluded) provided four significant discriminant functions (Wilk's lambda = 0.085; χ 2 = 98.681, df = 52, P < 0.001), which correctly classified 84.0% of the individuals. Of the 50 specimens used in the analysis, only 8 were misclassified (3 brevicaudata as palliolata, 1 brevicaudata as orinoci, 1 palliolata as brevicaudata, 1 palliolata as adusta, and 2 adusta as palliolata). Fig. 2 shows the projection of the individual scores onto the first three discriminant functions, which accounted for 58.9, 23.5, and 11.4% of the total variation, respectively. The first canonical function provided good separation of orinoci with respect to the other taxa, which overlapped greatly. The most decisive variables for this axis corresponded to those of the second canonical function obtained for size. The second axis did not discriminate between groups, whereas the third one separated reigi from the remaining samples and was positively correlated with the upper and lower molar series.
In the distance phenogram for size obtained by cluster analysis (Fig. 3A) , small specimens belonging to reigi and adusta were separated from the cluster formed by the other samples. In the latter, orinoci was differentiated from the very homogeneous size group (largest specimens) constituted by brevicaudata and palliolata. In the distance phenogram adjusted for size (Fig. 3B) , reigi was noticeably differentiated from the cluster formed by the remaining taxa. Among the latter taxa, brevicaudata and adusta were very similar in skull shape. 
DISCUSSION
In the description of M. reigi by lew & pérez-hernández (2004) , several differences in size between this species and other representatives of the genus Monodelphis were reported; however, these were not determined exactly nor were they statistically demonstrated. These authors noted that, for most skull variables, M. reigi shows higher values than M. adusta, especially in those concerning lengths. Likewise, lew & pérez-hernández (2004) indicated that several width measurements (such as rostral, nasal, zygomatic, and occipital) in M. reigi showed relatively lower values, and consequently they concluded that its skull is narrower than that of M. adusta. These authors also pointed out the noticeably smaller skull of M. reigi with respect to M. brevicaudata (including brevicaudata and palliolata) and M. orinoci. Our analyses for size corroborate these observations. Thus, M. reigi and M. adusta, because of their small size, constitute a morphometric group that is clearly differentiated from the other Venezuelan Monodelphis taxa. In the latter group, orinoci shows significantly lower skull dimensions than brevicaudata and palliolata (for details see ventura et al. 1998). The size-independent canonical and cluster analyses performed here revealed noticeable differences between M. reigi and the remaining taxa. In fact, the differentiation in skull shape of M. reigi was substantially higher than the divergences observed between the other Monodelphis species studied. Thus, our results on Monodelphis skull shape agree with the morphological distinguishing criteria (lew & pérez-hernández 2004) that support the recognition of M. reigi as a new species. More specimens of M. reigi must be analysed to establish the morphometric variability of this taxon and to expand our initial findings about its craniometric relationships with other Monodelphis representatives.
Our size-independent analyses of adusta, brevicaudata, palliolata, and orinoci allowed us to improve our understanding of the morphometric relationships among these taxa. Our results revealed that, even when adjusted for size, the skull shapes of these taxa are differentiated. Specifically for orinoci, we found substantial differences with respect to brevicaudata and palliolata, which support its specific distinctness established on the basis of morphological and life-history features (see ventura et al. 1998) . Finally, our results on skull shape also indicate that brevicaudata is more similar to adusta than to palliolata. This finding is also consistent with the observation by voss et al. (2001), who provisionally recognised brevicaudata and palliolata as distinct species on the basis of several pelage traits.
Unfortunately, the taxonomic relationships of the taxa analysed here have never been subjected to a comparative molecular analysis. This kind of study is required to evaluate the controversial taxonomic relationships that appear in studies based exclusively on external and skull morphology and morphometric analyses.
